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. WIHD TUHNEL TESTS OF JEIGHT, BLADE SIHGLE— AED

"NT DUATL - RGTATIFG PRQPELLERS IN THE TRAGTOR FOSITION

By Davia Biernanﬂ and W..H..Gray
- ..'ﬁ'f ;-SUHHARY'

2z .. T . : . . . <. \

Tests of 10-£oot dianeter, e*ght blade gingle~ and
dua1-rotating propellera.were conducted in the 20~foot
'propeller—research tunnel as & contihuation of a previous
investigation of four~ and six-~blade propellers, The pro-
.pellers woré nounted at the front ond of a streamline body
in gpinners that tovered thoe hubs and part. of the shanks.
"The effoct of s sjnﬂa+r*ca1 wing notntod iIn tho slipstream
was invostiga ‘Blado~anglo seubings ranged froon 20° to
65°

;no .results indicate tinat dual rotation rosultod 1in
gains of 1 to 8 porcont in officloncy ovor singlo rotation
foreight-blado propollors, but +thoé prosenco of a wing
roduced thé gain by about ono-half. Also indicatod was a
groator powor absorption due to dual rotation over tho cn-—
tiro flight rango, and aighar officionc" or thrust for tho
razgo of tako off and cliub,

INTRODUCTION

A roport proviously roleasod (roforonco 1) vrosontod

sults of tosts of four- and six~blade dual~ and singlo-
rotating tractor propollore, Tho prosont roport doscribos
tho rosults of a sub50quqnt invostlgation of olght-blado
single- and duval-ruotating propellers mounted in the trac-
tor posltion on the.sane set-up as that previously used.
The effect  of a symnetrical wving fnounted in the slipstrean
. vas 1nc1uded in the inveatigation as beforo.

. APPARATUS AHp_HETHODS

Inasnuch as the present investigation 1s a continue-
tion of one previously made in the propeller-research tun-
nel (soe reference 1), a dotalled doscription of the appa-—




ratus and nethods will not be.repoated horo, A short do-~
scription is included, howéover, ina ordor to nake this re-
port falrly conplete within 1tself.

Propellerg.~ Both the eight-~blndé slngle~ and dual-
rotuting propellers were nounted 1ln four-way hubs spaced

9 inches apart (see figs.'l and 2), thereby providing

1dent1cal blade shank and spinner conditions., Prelirinary
tests, were nade to detorniné the optinun angular displace-
zent oetweon the front and rear propoller blados for the
singlo-rdtution tests; the blades of the front pronoller
were 8ot to ldud tho blades of tho rear. propeller by. 75°

52%°, and 30°. Although the results indicnted. little dif—
ference betwsen these three sprcings, the 52% spacing wo. 8

consldered the best, Equeml spacing of 45° was not poesiBle-
owlng to a 1lilaitation innosed Dby the ghoft spline, .

The bladés uamed for the preseant investligatlon were the.
snne as previously tested, nanely, Hanllton Standard 3155-6
and 3156~6, right-hand-and left-hand, respectlvely. Blade-
foro curves are given in flgure 3. Clark T sections are
incorporated throughout. - ' ’

Test condltlong.- Because of the 1linlting tunnel
spesed (approxinately 110 cph)-and the liniting pover of
the drive rotors (two 25 bp electric notors), the Reynolds
nunver rpnd the tlp speed were conslderanbly lower than
those experienced 1n fllght, The naxlioun propeller speed,
which was 560 rpn, was obtolnable only for the low dlade

gles and the low 7V/nD range of the tosts. The tip

speed, consequontly, was bolow 300 foet por socond,. and
thus the offect of conprossibility could not bo nmeacsured.
The Reynolds nunber of the 0,75R sectlion waa only of the '
order of on® nilllion, The effect of Reynolds nunber was
not critical within.the range - of the tests as the effect
of chonges between one-hoalf nillion oand one million could
not be mensured,

The left-hand (front) propeller was set at even val-
ues of blade setting for the dual-rotation teste. The
right-hand (renr) propoller was sat to absoxrd the sane
power as tho loft-hiand -propellor for only tho .noak offi-
cloncy condition, A plot of. the angular differonge botweon
tho right~hand and tho loft-hand propollor~blade socttings
is given in figuroc 4, Tho spocd of tho right- and the
loft-hand propollors was ngintalned oqunl throughout tho



toste. Tho tost procoduro was the spmo as that usod for
-provious Invostigatlions in thls tunnol, e e e .

RESULTS AMD DISCUSSION

The noasured values havo boﬁn ro&ucod to the usual
coofficlonts of thrust, powor, and propulsive officiency,

efféct;ve thrust

: Cp =
' P n® p*
cP = englxo nower
p n® DB
pv°
Gﬂ = 5
Pn

whore the effoctivo thrust is tho nmoasurod thrust of tho
propeller~body conbinatlion plus tho drag of tno body
neasurcd separately.

D propeller dianeter, feet

n propelier rotational speed, revolutioas
per second

p nass denslty.of the air, slugs per cublc foot

These coefficlents were plotted againet T/nD, The
results ere glven 1n the followling flgures:

Flzures

5 - 7 Ghafadteriatic curves for elght-blade propsller,
single rotatlion witikout wving

8 -~ 11  Characteristic curves for elght-blade propeller,
dual ‘rotatlon wlithout wing

12 - 15 Charactorisetlc curvoes for eight4b1ade prépeller,
single rotation wlth wing




Flgures

(cont,.)

16 ~ 20 Characteristic curves for elght-blade propellor,
duanl rotation with wing

21 Ratlo of power coofficients por blado for olght-
and three-—~blado propellors

22 - 23 Characteristlc curve comperisons showlng offoct
of snall varlations iz roar bvlado-~anglo sot—
ting

24 -~ 25 Efficloncy oavolopo cooparisons for olght-blado
propoliors

26 ~ 27 Efficloncy onvolope coaparisoas of four—~, silxa,
and oight-bla‘e propollors

28 - 29 Incromonts of officioncy rosulting fron dual
rotatlon

30 - 32 Effoct of dual rotation on oificlency for con-
stent powor coofficlonts

33 Effect of dual rotation on thrust

The general characteristics of elzht-blade single~
and &ual~rotating propellers, shown in figures 5 to 20,
indicate that the »rincinal effect of the 1ncreased solld-
i1ty over thet for the four- zad six-blae propellers re-
portel 1n reference 1 was incressel total power sabsorption -
with 1ittle loss in blade efficlency.

Effoct of dual rotation on tgotel power anbsorbed.- OF

perticular interest is the fact that the Aual-rotatlng
propellors absorbed nnprocladly rore power thar d1d the
single~rotating one, as may be noted 1Ir figures 16 to 19,
whereln the chernctserlistic curvos obtalned for soevoeral an-
gle settings for Bingle rotatlion nre supori:posed on those
for dual rotantion. This lncronse.’l :owor absorptioa ray be
accountol for by the fact that the front »nronoller intro-
‘fucod o rototlonal coz=ponent 5o the slipstrecn, whlch in-
crocsol tho rosultant voloclty over the rear propeller
blades, This rotational connorent is greatest when the
blade elenents rieet the relatlve alr wilth the greatest an-
gles of o~ttacl, so.the effect was n2ore noticeable at lovw
V/oD values than for the high V/nD values., This in~




creasged power—absorptlon characterlstic of dual-rotating
propellers l1s one explanation for thelr resulting superior

. take~off gualities, owing:.to the fact that for this condi-

tion the pltch 1s reduced to a lower valua than for single-
rotatlng propellers, .

A conparisen is nade in figure 21 whereln the power
absorbed et peak efficisency per blade,-relative to that
for- the blades-of & tkree-~blads propeller, 1s presented’
for both single~ and dual-rotating propeliers. This plot
indicates that the effectiveness of each blade of the dual
Propeller 1in absorbing power was substantlally -nore than
that for a single-rotating propeller; the individual Ddlades
of an elght~blade dusl propeller absorbed approxinately 87
porcent as ruch power as each blade of 2 three-~blade slngle
propeller, as conpared. to only 80 nercent for an eight-
blade single nropeller.

Effect of dual rotation or power adbsQr ed by tear pr
peller.~.The dual-rotation tests wore conducted with the
rear provneller set at a sllightly lower arngle than the front
one 1n order- to edqualize the power for the peak effliclency
condltior, The rear propceller absorbed nore power than the
front one at lower V/aD values than those for pealr effli-
clency,* A few tests were nade to determine the blade sgset-
tings of the rear propeller nocessary to.produce egual
power absorptlon;  the results of these tests are shown 1ln
flgures 22 aond 25, Whether there 1ls any .perodynanic ad-
vantage 1n ogualizing the power of tho two promollors for
the tako-off and.élinbing conditions of flight cannot de
detornined :fron theso tostes becauso.diroct efficlency con-—
parisons cunnot be mado on a baosis .of equal power absorp-
tior,

Envelope officiencx conparisons.— The same general
improvement 1h e fficlency due to dunl rotation .may be noted
in figure 24 for the elght~blade propellers as for the
earlier tests of ‘four-~ and eix-blade propellers, The gain
in efficlency due.'toc dual rotation, without the wing,
.ranged from pbout.l - to"8 percent, depending upon the blode
angle or V/nD, which 1s somewhat greatér than that meas-
‘ured 1n the four~ and . .six~blade..tests. The galns were
somewvhat less with the wing in plance, owlng to 1its effect
in reducing the rotational losses for the  single~rotating
propeller. The wing apvenred to have o slight beneficlal
effect on the dual propellers,.as may be noted in flgure
26, This same effect, which 1s not easily accounted for,
was also indicated in the earlier tests of the four- and
slx-~blade propollers,




In figures 26 and 27 are shown the envelope efficienoy
curves for the present eight-blede’ ,propellers end curveas
for four- and six-blade propellers, obtalned from reference
1 for comparlison, The general effect of lncreasing the. so-
1idity for single rotatlon without the wing, shown in fig-
ure 26(a), was to reduce the efflclency a few percent over
the V/nD range. The presence of the wing resulted 1n
raising the efficlency of all these slngle-rotatlng propel~
1ers{ particularly those of highest solldity. (See fig.
26(b).) The lossin efflciency resulting from increasing
the solldlty was gonerally less for dual rotation than for
single rotatlion, as may be noted from figures 26 and 27,
particularly for the condition without wing,.

It should be pointed out that envelope efflclency conm-
parisone for propellers of different sollidlity are more of an
acaftemlc interest then o practical value because of the
fact that the power absorptlon 1s different for different
solidlties. Siuich conparisons provide a measure of blade
efficlency, or the effect of blade lnterference, From en-
glneering deslgn conslderations the comparisons should be
made on the bdasls of constant power. Such conparisons of
solldity are provided in reference 2. : '

The effects of dual rotation on the peak efficlency’
for four-, six-, and eight-blade propellers are summarized
in figures 28 and 29, Although the results are not of
sufflcient accuracy to define differences 1ln efficisency
less than 1 percent, they show, in general, that the gain
arislng froa dual-rotating propellers increases with the
blade angle or. V/nD, and also -with propeller solidity.
The galns were somewhat greater for the condition without
the wing than with the wing (7 percent as compared with 4¥
percent, for V/nD of 5,0, eight-blade propeller.)

Efficlency and thrust comparisong et constant power .-
Inasrnuchk as the dual-roteting propellors absorbed somewhat
more power at tho samoe blade setting than the single- .
rotatiang propellers, tho offect of dual rotation or o6ffi-
cloncy should be based on oqual pover absorption., Compar-
isons aroc mado in.flguros 30 to 32 for Op valuos of 0,2,
0.4, and C,5. Substantial gains i1 efficlency may bo noted
for the ontlire oporeting range, particularly for thc tako-~
off condition of proéopollors oporating at high valuos of
Cp. Theso officlency gains aro translatod into thrust
galng in figure 33. Tako-off thrust gains up to 20 pcr=
cont aro indlcated for dual propallors oporating at a power




coofficioent -of 0.6;. asomowhat.-los&:.for lower power coeffi.-
"clontess ~This 1ncrbased,thfﬁsthay"%oé&eceqnto&-fdr'partly
by tho fact that qual-~retating progellors -absorbod moro
powor than slngle~rotating onos as montlionod bofore and,
consequontly, tho blade-~anglo sottings for thoe dual pro~ -
pollors wero computod.to - -be somowhat . lowor than for singlo~—
rotating propollors; partlerlarly . £or tho ‘bako-off and
climb conditions. This lowor blado—anglo setting results
in greater thrust for a given power output, owlng to the
higher li1ft-dreg ratlios of the elements, Also with dual
propellers the losseas due %o sllpstream rotation are great-
ly reduced and perhaps elimindted, whick accounts for a
large percentage of the geln ln efficlency.

-" . L
-

_ COHCLUSIONS

The general effects of dual rotatlon on propeiler
characteristics fouhd, in’ previous testa of four- and siz-
bla'de propel‘ers were aihilar, “But vere—more nqonounced
in the present investigatlon of eight-blade propellers,
These effects are listed more especifically in the follow-
ing concluslons relating to the present lnvestligation,

l, The peak efficlency of an elght-~blade dual-
rotating propeller wae found to De from 1 to 8 percent
higher thar that for a corresponding single-rotatling pro-
pellor, The galn 1in officiency deponded unon the blade-
anglo sottling, the highor tho setting t%o greator tho gain,
up to & linlting tost blado-angloe of 65

2. The presonco of a wirg in the slinstroan 1mproved
tho offlcioncy of tho singlo-rotating propollor about half
as much as was obtainod by moans of dual rotation,

3¢ An olight-bdlado dual-rotating propellor was found
to absord substanticlly nmoro powor at poak offlcloncy than
an olght-blado sirglo~rotating propollor; tho offocct was
oven more pronounced at takowoff and climdbing conditions,

4, An elght-blade dual-roteting propoller was fouad
to bo substontially more officiont for tho tako-off condl-
tlon of fligkt than an olght-blade slnglo-rotating pro-
pollor, particularly for conditions of oporation at high
povor coofficlionts.



w1 - --Be -The Dblade efficloncy :of--elght-blade singFfo- and

S dunl-rotating 1ropellere was only-slightly less than for
corresponding ‘oun- and aiﬁ-blad Ppropellers praviously
testeé. . . : .- Co

6. The power absorbed per blade by elght-blade dual-

rgtatlon and elght-bdlade single~rotation.propellers, as

- conpared to a three-blade propeller, was.about 8% anﬁ BO
percent, reapectively. at peai efficiency. -

] -

- Lgngley;ﬁenerial Aoronautbcal?Laboratbry, .
Natlonal Advisory Coamittee for Aeronautice,
Langley Fleld, Va,

REFMBRENCRS

Eiermann, David, and Hartman, Bdwin Pa: lin&-Tunnal
" Tegts of Four— .and 3ix-Blade, Si ngle— and Dual-
Rotating TractOr Propelleors, . NAQA Rep. Ho,’ 747,
1942, S ) _
2. Blormann, David, and. Coanway, Robert N.: The Soloction
‘ of Propollers for High Thrust at Low Airspeed, NACA
ARE Oct 1941,



‘yog1a otajewosd ‘d isseuyoTyj UO19088 ‘Y $pIoyd uotqoes °q fsniped
uotje}s ‘4 idyy eyy 09 sulped ‘Y faejsweip ‘@ '9-9GI¢ Puw
9-Gglg s4e17edoJd J0J] S9AINO WIOF-9PBIq PUB WI0F-UBT -° & 9INITJ
/s
or & & Z g g Ay g

Figs.1,3

)
w048/
M— X .%N\ @ < e
Q ¥ _ o
, S [\ 0% E I e e
- Io a | |
o[\ 0z s e T T | 7
e g . N . L1 o
i % T Y '/ B T er o
SEL® 07 7 0E N
s T : o a —or" #0
s ) w N /
K 18 S8 Vs mN
N\ +4=0 N ot . . \\l\\l.\\l\\\. . .
S| N | RES 33 £ R o
O
_ ©5g Iv d N \
38 = e p—N 4 i
o8 119 : /
a.m ot
& e} m gz A | i
3 e 3 <5 I\ —
ﬂ Jp— - — _ % 0o /{.\\ .
M ._.&m . p 5 o2& 80
© I ek N—m— 5 q
! 7 : . T e
N. ! m 0 [ 9 n\/ e
; [ Q e . e
— Y 5 HE: oy 0% 0/
TS&N% /el . | n. m..m = _ Mb\ M~
m m “ 1.“ b o // 22
n“ ¢ p - 96/ 0 40 9/6uUD SPDIGI—N 4 IR
m ..@ Yy Q
w, e
-
2
=

.

- e =~ o et . == smusssene o 5 et S




= e S—— s

(1N N W I
3

’j -+ - 4 ; = :
___....-—-3: | : ;
- — ; 3 | < |
i
i 3
;
:
i
i
; : )
- ; ¥ L j
e K ) '-h
o . ; 5 E : 2 Ny 458 )
L
Fi.ure 2.- Test set-up. Eight-blade dual-rotation propeller installed. M




NACA Figs. 4,21
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Figure 4.- Difference in blade angle for equal torque
at peak efficiency for, eight blades, dual

rotation.
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Figure 21.- Ratio of power ebsorbed at peak ‘efficiency

per blade for eight-and three-blade pro-
pellers. With wing.
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Figure 11.- Efficiency curves for 8-blade dual rofation, tractor, without wing.
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Figure 12.~ Thrust-coefficient curves for 8-blade single rotation with wing.

21°11 sbigy



cxq

20 - —— S .6\\\
I~ N
A MR
1.6 e S 2 /
[ ey LT \\\\ 0
1.2 i e R
\
¢ HHHE L <
Y
8 \\\\ \‘\ S N \\\
] ] N
~
4 = N
JANEEPS 50 552 Nev° ot 0757
ap LN L. N NI M
0 4 .8 L2 16 2.0 2.4 2.8 3.2 36 40 44 4.8 5.2 56 6.0
VinD
Figure 13(b).~ Power-coefficient curves for 8-blade single rotation with wing.
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Figure 14.- Efficiency curves for 8-blade single rotation with wing.
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Figure 15.- Design chart for propeller 5155-6,elght-blade single rotation with wing.
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NACA Fige. 26,27
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Figure 26.- Efficiency envelope comparisons for single rotation (4-and 6-blade results taken
from reference 1).
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Figure 27.- Efficiency envelepe comparisons for dual rotation (4-and 6-blade results ta.ken
from reference 1).

—




NACA Figs. 28,29
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Figure 28.- Increments of peak efficiency resulting from dual rotation. Without wing
(4-and 6-blade results teken from reference 1).

I 1]
2 T 1 Tobime
o4 — —
.2 4+ L1 6 i
8 1.0 \\// —j
.03 5 — -
an —
Cp®.2 ﬂ/ N —
o2 - e -
or 1]
. e
P
(/] <4 .8 e 1.8 20 o4 2.8 22 3.6 40 44 48 &2 5.6

v/nD

Figure 29.- Increments of peak effioclency resulting from dual rotation. With '1ng
(4-and 6-blade results taken from reference 1).
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Figure 30.- Effect of dual rotation on efficiency for constant power. Cp = 0.2, With wing.
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Figure 31.- Effeot of duaml rotation on efficiency for constant power. Cp = 0.4. With wing.




NACA Figs. 32,33
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Figure 32,- Effect of dual rotation on efficiency for constant power. Cp = 0.6. With wing.
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Figure 33,- Effect of dual rotation on thrust at constant power. With wing.




